Introduction
Epidemiology studies have consistently demonstrated that UK Gulf War Veterans experience an excess of self-reported morbidity in comparison with those who were not deployed. [1] [2] [3] Mortality experience (up to 8 years after the conflict) has been found to be, overall, almost identical between the deployed and non-deployed military personnel: although this masks a slight excess of external causes of death and deficit of diseaserelated causes amongst veterans. 4, 5 In some studies there is little specificity in the relationship between symptoms and reported experiences and exposures, 1 but in others particular self-reported experiences in the Gulf have been associated with biologically plausible symptoms. For example, in the Manchester study of UK Gulf War Veterans those who reported exposure to smoke from burning oil-well fires were more likely to report a cluster of respiratory symptoms. 6 In this report we first examine mortality experience in the longer term (13 years after the end of the Gulf War), in particular, to evaluate whether there is still an excess of non-diseaserelated deaths amongst Gulf War Veterans. Second we examine whether, amongst veterans who participated in at least one of the three morbidity surveys~6 years after deployment, there is a relationship between the self-reported experiences during deployment or morbidity reported subsequently and future mortality.
Methods
We carried out a cohort study of Gulf War Veterans and a comparison group of non-deployed service personnel. Details of the study have previously been described in detail. 5, 7 In brief, the Gulf cohort consisted of all UK armed forces personnel who served in the Gulf region sometime between September 1990 and June 1991, while the comparison (Era) group was of the same size randomly selected from members of the armed forces who were in service on January 1, 1991 but who were not deployed to the Gulf area and group-matched for age-band, sex, service branch, rank and (for the army and Royal Air Force) fitness for active service [see Figure 1 ; Ref. (5) (Table 1) . Subjects in both cohorts were invited to participate in at most two surveys (one study of general health and the reproductive health study). These studies collected information on self-reported experiences during the Gulf War and lifestyle (possible confounding factors of the relationship between deployment exposures and death, such as smoking and alcohol consumption). We used information from the largest study, on reproductive health, where available (Study 3) and, if not, from the relevant general health study (Studies 1 and 2). Amongst the survey participants we compared the mortality experience and then, within the Gulf cohort, we examined the relationship between self-reported experiences in the Gulf and future mortality using the same analytical techniques as described above. Person years at risk of death were calculated from the date of completing the relevant questionnaire. Finally, using information from persons who participated in one of the two general health surveys we examined whether reporting high levels of morbidity in these two surveys was associated with an increased risk of dying. Details of the methods of collecting information on morbidity in these two studies have been described in detail previously. 1, 5 In this analysis of the two studies we divided persons into tertiles of reported symptoms based on, in Study 1, the number of troublesome symptoms they reported and, in Study 2, on the number of symptoms they scored as 50 mm or more on a 100 mm visual analogue scale on the degree to which they were troublesome. Amongst the Gulf cohort, 29 363 subjects completed a questionnaire in at least one of the morbidity surveys, and there were 138 deaths in such persons (0.47% of the cohort or 93 per 100 000 person years). We next examined the relationship, within the Gulf cohort, of self-reported experiences in the Gulf to subsequent mortality (Table 3) . For anti-biological warfare prophylaxis (inoculations such as pertussis, plague, anthrax, or the combination) the mortality rates were very similar between those who did and did not report having them. There were no increased mortality risks associated with reporting any type of pesticide use or handling. Neither smoke from oil well fires nor reported experiences of small arms fire or Scud missiles passing nearby influenced subsequent mortality. Reported exposure to depleted uranium was uncommon amongst those deployed and, overall, there was no significant increased risk of death. Those who reported coming under fire had a significantly lower risk of subsequent death (MRR 0.5). However, after adjustment for potential confounding factors the lower risk was attenuated and not statistically significant.
Results

Both the Gulf and
For some of the exposures it is more plausible that they could be associated with either disease or non-disease-related deaths but not both. We, therefore, examined the previous self-reported exposures in relation to disease and external causes of death separately (Table 4) . No self-reported experience in the Gulf was related to external causes of death. Those who reported handling pesticides (7% of those deployed) were at twice the risk of dying from an external cause, but this was not statistically significant (MRR 2.05, 95% CI 0.91-4.61). The causes of (non-disease) deaths amongst those reporting exposure to handling pesticides were one transport accident and six deaths from intentional self-harm or 'accident of undetermined intent'. With respect to disease related causes, the small proportion of Gulf Veterans who reported exposure to depleted uranium (7%) experienced a doubling in the risk of dying, although again the result was not statistically significant (MRR 1.99, 95% CI 0.98-4.04). Of the nine people who reported exposure to depleted uranium and who died from a disease-related cause, seven were from cancer: three malignant cancers of the oesophagus, three malignant cancers of the brain, and one cancer of the brain of uncertain behaviour.
The final analysis considered whether morbidity reported in the health surveys affected subsequent mortality. For this analysis we used the sub-group of 5954 subjects responding to one of the two general health (rather than specifically reproductive health) surveys. Mortality did not differ between the tertiles of symptom count (Table 5) nor was there any evidence of a difference between the two studies in the effect of symptom count on mortality (data not shown).
Discussion
This study has demonstrated that 13 years after the end of the Gulf War there remains no difference, overall, in the mortality experience of Gulf War Veterans in comparison with other veterans who were not deployed. However, over the period as a whole, there were small differences in rates with respect to disease (decreased mortality) and non-disease (increased mortality) causes. For the first time, this study has examined whether the risk of dying is related to reported experiences during the Gulf. Overall it was not, but there was a 2-fold risk of dying from a disease-related cause associated with reported exposure to depleted uranium and of a non-disease cause associated with reporting handling of pesticides, although neither was statistically significant and the number of cases was low. High levels of morbidity reported in the previously conducted general health surveys were not related to an increased risk of death in the follow-up period. The results of this study are similar to the first report on mortality amongst UK troops 8 years post-conflict. 5 It is also consistent with the early mortality experiences of US Gulf War Veterans. 9 Overall, however, mortality amongst Gulf War
Veterans is considerably lower than would be expected based on age-sex mortality rates in the UK general population (www. dasa.mod.uk/natstats/gulf/intro.html). With respect to the excess of non-disease-related deaths, it has been suggested 10 that it may be owing to suicide. However, in the analysis, deaths specifically attributed to suicide are not in excess; instead the strongest relationship was with transport accidents. One hypothesis is that service in the Gulf has altered deployed personnel's perception of danger and that they may be willing to take greater risks putting themselves at greater risk of an accidental death (e.g. in exceeding speed limit). The observation that the effect is only in the first period of follow-up (pre-1997) is consistent with this hypothesis. This could be tested in future, prospective, studies of deployed personnel. Importantly such an excess of non-diseaserelated deaths has been reported amongst veterans in the first few years after the Second World War, the Korean War, and the Vietnam War-and so there is unlikely to be a unique cause related to the Gulf War.
11,12
There were two exposures, the reporting of which was related to an approximate doubling in risk of death. Handling pesticides was related to non-disease deaths and depleted uranium was linked to a disease-related death, although both results were non-significant. First, it is important to acknowledge that this study had limited power to examine the effects of exposures that were uncommonly reported, e.g. for an exposure reported by 7% of subjects there was~30% power to detect a 50% increase in the risk of death and 70% power to detect a doubling of risk. Second, even though the proportions of persons reporting these exposures is low, this equates to over 2000 persons-many more than are believed to have had these experiences. Exposure to pesticides has been associated with mood changes, 13, 14 but the long-term consequences of exposure are unclear. The nondisease-related deaths amongst persons reporting handling of pesticides were related to suicide or possible suicide. Nevertheless, amongst persons experiencing low mood at the time of completing the survey questionnaires there exists the possibility of differential recall of past experiences, which may, artefactually, have resulted in the apparent link. Depleted uranium has been suggested as a cause of so-called 'Gulf War Syndrome'-but as previously found, this study has confirmed that reports of exposure to depleted uranium are uncommon amongst Gulf War Veterans. In this study it was associated with an increased risk of death, albeit non-statistically significant. The distribution of cause of death was also unusualseven from nine deaths were cancers of the oesophagus and brain. A recent review of the evidence surrounding the health effects of exposure to depleted uranium concluded that 'Exposure to sufficiently high levels might be expected to increase the incidence of some cancers, notably lung cancer and possibly leukaemia, and may damage the kidneys'. Using a worst-case scenario, they estimated an extra 1.2 deaths per 1000 from lung cancer amongst those with the highest exposure (e.g. personnel in a vehicle struck by a depleted uranium penetrator). 15 We found no deaths from lung cancer. Our previous study did not find an association between reported exposure to depleted uranium and registered incident cancers. 7 If persons with these cancers had completed the questionnaire after diagnosis, there is again the possibility of recall bias-particularly given the amount of media interest surrounding depleted uranium. Each of the seven study subjects with cancer who reported exposure to depleted uranium participated in the study of reproductive health, and it is from this study questionnaire that their 'exposure' information has been taken. At the time of questionnaire completion subjects were asked 'Since 1990, have you experienced any new medical problems or changes in your general health?' Two subjects reported having been diagnosed with a brain tumour (one without dates provided, and one with dates of diagnoses in 1993 and 1997). Both these subjects stated that they considered themselves to have Gulf War Syndrome. The remaining five subjects did not make any mention of a cancer diagnosis and none stated that they considered themselves to have Gulf War Syndrome. The collection of information in a similar, and in most cases the same, way by different studies allowed us additionally to examine the consistency in the reporting of 'exposures' between studies. This was done using the Kappa statistic that measures agreement over agreement expected by chance. It varies between 0 (chance agreement only) and 1 (perfect agreement). There is no agreed definition of values, but the values 0.4-0.6 are often interpreted as indicating moderate agreement and above 0.6 as good agreement. The data in Table 6 shows at least moderate agreement between studies for most exposure reports and good agreement for some.
In summary, this manuscript has demonstrated that Gulf Veterans, considering the entire time since the war, have experienced significantly higher rates of external deaths and slightly lower rates of disease deaths. The higher rate of deaths from external causes is no longer evident in the second half of the follow-up period. Neither the excess morbidity reported in the health surveys nor the experiences during deployment significantly influenced subsequent mortality. However, there were associations observed between the reporting of handling pesticides and possible suicide, and reporting exposure to depleted uranium and cancer death. These two associations, however, do need to be considered in the context of the number of exposure/death associations we have examined, and the fact that neither was statistically significant. Although, our study has found no long-term increased risk of mortality, identifying risk factors for specific outcomes (e.g. accidental death), designing and evaluating interventions within deployed populations should remain a high research priority.
